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The object of this report is to introduce the successful application of a rela- 
tively new and rapid wave analyzing instrument to the study of the potential 
variations derived from the human brain.  This instrument is called a  eyclo- 
scope.  It was invented by Dr. A. E. Douglass  (1), Director Emeritus of the 
Steward Astronomical Observatory and Director of the Tree-Ring Laboratory 
of the University of Arizona. 
The cycloscope has proved to be a powerful instrument in the study of events 
occurring  in  impermanent  cycles;  that  is,  in  short  sequence,  quasi-periodic 
phenomena.  It has given rise to important results in the field of meteorology, 
in the terrestial correlates of sunspot cycles, and allied fields. 
The human  electroencephalogram shows a  characteristically quasi-periodic 
behavior.  This property of the electroencephalogram is manifested by fluctua- 
tions, around a  fairly constant mean value, in the time elapsed (wave length) 
between successive maxima or minima of the potential variations. 
Together with the foregoing characteristic the wave patterns observed in the 
electroencephalogram often show the presence of random frequencies and vol- 
leys of variable sequence cyclic activity. 
Since the cycloscope was invented primarily for the study of just such wave 
phenomena as exhibited by the electroencephalogram it was decided to investi- 
gate:  (1)  the degree of permanency of the basic electroencephalogram p~ttern 
in various individuals; (2) the presence of cycles other than those which can be 
recognized by unaided visual means. 
Throughout  this  discussion  a  cycle  will  indicate  a  significant  sequence  of 
waves  that  tend  to fluctuate in  length  about a  mean value,  seldom varying 
from it by more than one or two tenths. 
Method and Description of Apparatus 
The cycloscope operates on optico-mechanical  principles.  The essential  compo- 
nents of the apparatus are illustrated in Fig.  1. 
* This work is in part aided by the Supreme Council 33  °  Scottish  Rite, Masons of 
the Northern Jurisdiction,  U. S. A. 
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The waves to be analyzed are transferred by pantograph, or other suitable instru- 
ment, to a  strip of heavy opaque paper.  A  base-line, known as  a  cutting line, is 
then drawn through these transferred waves.  The cutting line is made approximately 
at the height of the mean minimum, and wherever possible this line is kept parallel 
to the horizontal axis.  The maxima isolated by the base-line are cut-out and the 
resultant perforated strip is called a cycleplot. 
The light transmitted through  the  wave maxima  (cut-outs)  is  obtained from a 
bank of ordinary incandescent lamps behind a  diffusing ground glass  screen.  The 
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FIC.  1.  Schema  of  cyeloscope.  Modified  from  Fig.  22a in  Douglass'  article  (1). 
FIG. 2.  Plate 24 in Douglass' article (1). 
light rays passing through  the  cut-out maxima are  made  to fall on a  mirror  (M) 
placed in the optical axis at  an angle of  45  ° .  This diverts the ray normal to  its 
original path; the diverted ray impinges on a second 45  ° mirror set in the axis of this 
light path, and thence back through the analyzing elements. 
The analyzing elements consist essentially of a  cylindrical lens with vertical axis 
and a grating, or analyzing  plate.  The cylindrical  lens elongates the light ray bundles 
transmitted through the openings in the cycleplot.  From the inherent character of 
the vertical cylindrical lens the time axis (horizontal) is reduced in scale  but is not 
distorted.  The  elongated images of  the  maxima are  made  to  fall on the  grating 
(constant 0.02 inch) which is mounted at an angle approximately 17  ° to the vertical. 
The grating thus segments the image formed by the optical system.  The presence 
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and the intensity of the light  segments; different  cycle lengths show at any given 
setting of the mirrors different angular alignments with respect to the horizontal axis. 
The scale of cycle lengths is calibrated in such a way that one may read the cycle 
length directly when there is a horizontal alignment of light segments and the original 
plot is on a standard horizontal scale. 
In actual operation the angularly arrayed light segments are rotated into the hori- 
zontal by increasing  or decreasing  the object-mirror distance.  The cycle length as 
read directly from the  scale may be corrected  by a proper factor if the scale of the 
cycleplot is not standard. 
Fig. 2 is an excellent illustration of what one sees when looking  through the eyepiece 
of the cycloscope.  (The illustration represents a cyclogram of the light  curve of the 
variable star SS Cygni.) 
RESULTS 
By  means  of  the  cycloscope  excerpts  from  18  electroencephalographic 
records were analyzed at Tucson by Edmund  Schulman of the University of 
Arizona.  Cycleplots  were  prepared  under  his  direction  by  the  author  and 
differentiated only by number,  so that the cycle analysis was as objective as 
possible.  The list of cycles thus obtained formed the basis for the following 
study. 
The analytic study was made on records obtained from the following clinical 
groups; normal  (5),  dementia praecox (6),  epileptic  (5),  and  "organic" brain 
disease  (2).  In  this  discussion  only the  midline fronto-occipital derivations 
will  be  considered. 
Fig.  3  shows the cycloscopically determined  distribution  of  cycles (or fre- 
quencies)  present in two records,  together .with  the waves actually analyzed. 
The waves shown were photographed from a cathode ray oscilloscope by means 
of a  continuously moving camera of our own construction  and design.  The 
thermionic amplifier used was constructed  in  our own laboratory.  The fre- 
quency response of this amplifier and recording system is flat from 2 to 200 
cycles per second. 
In this diagram the cycle strength, which is a function of the alignment and 
intensity of the light dots,  is plotted against frequency in cycles per second. 
The  fractional values  of the  frequencies  are  disregarded  in  this  preliminary 
report. 
In part A  of Fig.  3 one sees the distribution  of the various frequencies ob- 
tained from a  presumably normal subject.  It is evident that this individual 
shows a  dominant rhythmic alpha pattern in the range of 8  to  10 waves per 
second.  Furthermore, it is observed that contrary to the impression given by 
the accompanying record, there are at least four definite different cycles present. 
Part B of Fig. 3 shows the frequency distribution in a subject with the clinical 
diagnosis  of dementia  praecox.  It  is  clearly seen  that  there  tends  to  be a 
spread of cycle lengths as compared to that of the "normal." FIG.  3 
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The distinction between normals and dementia praecox as brought out by 
this cycle analysis is not as definite and clear cut as would appear from these 
two examples.  In the entire group of records analyzed there is an indefinite 
boundary between normals and schizophrenics. 
Fig. 4A represents the cycloscopic analysis of a record  taken during a petit 
mal epileptic attack.  There is seen  to be a definite shift of the cycle distribu- 
tion to a  lower  frequency range.  The electroencephalographic recordings of 
Fig. 4 are made with an A.M. Grass ink-writing instrument. 
Fig. 4B gives the analysis of a record from an individual with atypical epi- 
leptiform  attacks.  One  observes  that  little  or  no  dominant  frequency  is 
found by the analytic method employed. 
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FIG. 4 
The frequency distribution in this last case is especially interesting in that 
we observed it in two other cases of atypical epilepsy. 
The  records  associated  with  "organic"  brain  disease  showed  the  closest 
frequency distribution  of the  entire  series.  An  8  per  second wave  pattern 
completely dominated the  tracings.  Other cycles in these two records were 
negligible. 
The cycloscope not only is capable of determining the basic frequencies and 
cycles present in a  given sample of record, but it can quantitatively describe 
other important properties of the wave pattern, such as the phase relationships 
of the successive waves comprising the sequence, and the mean amplitude of 
the  wave  sequences. 
Phase changes in some of the records analyzed have been observed.  The 
physiologic concomitants of this  phenomenon or its  importance must  await 
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CONCLUSIONS 
Cycloscopic analyses of a  series  of electroencephalograms obtained from a 
mixed group of individuals, clinically classified as normal, schizophrenic, and 
"frank" epileptic, show the following characteristics: 
1.  A rather closely regulated potential oscillation which remains predomi- 
nant throughout the sample of record under study. 
2.  Associated with this dominant cycle other definite anharmonic cycles are 
clearly evident.  These  associated  cycles  may  operat  e  in  intermittent  se- 
quences or simultaneously with the dominant cycle. 
Subjects with "atypical" epilepsy show an apparently characteristic spread 
of low intensity cycles. 
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